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Abstract

In this paper, a finite element domain decomposition method using local and mixed Lagrange multipliers for a large scal structural
analysis 1s presented. The proposed algorithms use local and mixed Lagrange multipliers to improve computational efficiency. In the
original FETI method, classical Lagrange multiplier technique was used. In the dual-primal FETI method, the interface nodes are
used at the corner nodes of each sub-domain. On the other hand, the proposed FETI-local analysis adopts localized Lagrange
multipliers and the proposed FETI-mixed analysis uses both global and local Lagrange multipliers. The numerical analysis results by
the proposed algorithms are compared with those obtained by dual-primal FETI method.
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AR freke 4]
of thekg Aol AAE] gtk iR AHA feka
& el ARSlaL Sl 7P B ARl e A9 A

PEo| 3-8473 (tri-factorization) & 7FsstAl ke
% 2% d¥ (active column solver)°]th(Bathe, 1996).
T 28 e WY dugFel ojdd u Ay}
(scalability) 3 F&9 ofggo= g A7}
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st Ao Z77F AR wet Zlskara o ALt 3
7} 7k @dol ItH(Duff et al., 1973).
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A duelE F, A7 7P &4 dugEe 949
28 789l sltel FETI(Finite Element Tearing an
Interconnecting) 7122 ¥eiA St FETI 7|H-2 H3t
EllE Hn|E ubg2] (elliptic partial differential equa-
tion)e] Z°]& ¢sle] Farhat(1991)¢l 2lsto] FHE o
g oY LuglFe®, FETI 713l dutzel Zoldeke

Ut 2o ARt 99e ¥IEA F99 (non-overlapping
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=4 3 &3 Lagrange S5HS o83 A2 7 &

sub-domain) 2.2 &8}, Lagrange %< (Lagrange
multipliers) & °ol&at] 2zt F9d9 FfHd Ad=d
(compatibility condition)& TEAI7]= Aeltt. FETI 7]
HE o] Foll 42 A A9 e o® S (Farhat et
al., 1998)= 1, HZole aiA EAQ Ao what A&
7IHe] ReEd 7]1Ee] 19 (one-level), 2%l (two-
level) FETI 7I"i& 2] F2glo] A48 + U=s T
ZAAIZ1 FETI-DP(dual-primal) 71 (Farhat et al., 2001)
o] AAIEATL}. 71&9] FETI 714 (origianl FETD 2= th
27, FETI-DP 7|2 799 Ffdd d&d 7524
(continuity constraint)< F71sl7] 918le] Lagrange <
Fob tgo] A2 5o A9 AR (coarse mesh) EHZ A
Al 995 7] (dual sub-structuring method)
=5t 23R c g frd AEA] (dual problem)
A#E Lagrange 379 <34 (saddle—point) S T3t

L r o o
o

N

719 ETIS’Jr FETI-DP9] zfold& th3t 2t 7]&
°] FETI 7I¥e 494 2713 342 AHgsAl AT,
FETI-DP 7182 PCG(preconditioned conjugate algori-
thm)ol & 2713k F471H= *F‘-L star slem, oAl

o Tfjoz %t BAE FHH AX(corner interface
node)g] A 7HE zjo| 2 1011:}
FHole FAPEAES =9 w2} 7| (staggered method)

Z FETI 7IM< HEAA FAE
(Lee et al., 2010)°] AA AL, WHEAQ] Aite] 27-5]
wAA F&H 4828 F 3,1“& oA 2Hl3e] AF
3l E&ds FIN)= A+ (Kim et al., 2009)% &
= At
ol¢lel FATEA (flexible multi-body) Al=glel] i}
o] Bauchu(2009)& ALF(Augmented Lagrangian For-
mulation) 7I%#} A< (global) ¥ =*+-(local) Lagrange
TTE At E f=sted FH9H A (interface
problem)®] a9 FHEAS FIAZTE o] 7IHE A8t
2 =7l E A9 (global) @ =*F(local) Lagrange %
of 7I¥t& & FETI +39 duelsS F%=3tal ALF g
ajo] Fo|FHel| FrlE ol FHAS FINTNE AHE X
A AFS B3l AAS

£4S ZA7E H

fel o rlr

2.2 E
o] FAE 7|EAQ FETI 719 74 RE(rigid
body mode) A2 Wl tisle] =elsta, o|¢} ¥ wsle]

ALF 71¥3} A9 (global) ¥ Z%(local) Lagrange &

470 st=RuTaZEs =28 M253 M65(2012.12)

LEN EEERL:

g Agshe g2 AAstual g

2.1 Original FETI €x&&

Original FETI 71'BelMd & Fig.13} 2o] AatgddE v
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A =90 98l AHEE) Lagrange 552

P AR ZAgkEe] 7h Hedde
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il
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gl ofa) %Eiﬂb A RES Folg 8l thad Zel
l:r AR e AT A WA, 2 EA oA
3l (direct factoriza-
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15 FETI 719}
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Fig. 1 Schematic description of FETI method
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AXE FETI 71" Bauchau(2010)°l 28] Aok v
2o we} Fgd EAll ALF 78S =iste] Alxwl] A
ok #'dE] Alg(penalty factor)E F7Fete 7IHel
o} AlzEle] & HelAd oA (total potential energy)e
TR o] EdETH

I=A+d+ V" (10)

4 (1048 F A9 oA T, WP E(strain)9
AW 4, 9% e NAE 6, aen A%z N4
2 vel 9 gk WAE UA 4, 9 5 <)
LR ER RN CERLEEIEEEER
= o
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sFolt}. diag(pg,)E A9 (global) Lagrange <572 it
A% (scaling factor)e] £ tiZdE (block diagonal
matrix)°|", pg, o P, 99 iolxe] 1 4 7 24t
9] Alekxdd

#HdE] Aol

TTe xd‘é 29l (classical)
ﬂ%ﬁﬁ%

A%, pet ppe A 2

o] 2ol < (gloabl) Lagrange
Lagrange <=4 A w49 d3o A9
YehlH, 55 (local) Lagrange %

er }&_,4 73;(} 7<4;<4 /\}o],] 1\%63 ;(1]
A9 Ax} AR e 5%1319_]
(2000)¢] 98] AlCtE|QITt ATl L= AL Hi 2
el oA (Minimum total potential energy principle)

o ofefl v 2ol Fdnh

K —diag(p,, ST CR" diag(p,,) diag(p,, ST

- C’Tdiag(]asa) C dzag(pLa)C 0 — C"diag(p,,,)
diag(pg, )R 0 0 0
diag(py,S,)  —diag(p,,)C 0 0

u

c

=1_J0

Aol V0 (14)

AL 0

A7NAN, K = diag(K,)+ R Tdiag(pZ)R-i— diag(SanZSa) o]
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£ floating FY¥gE0] Hold BoldE Heolx] U=

Fig.2(c)= =%(local) Lagrange 5% /\}%’3}04, -r"ﬂ
olrlole] A9l Ax} AA 4% WeHo] AAEAS
3 %o, BE FHHL local Lagrange 5% 7}?3%
. Fig.2(d)= A< (global) ¥ =H(local) Lagrange %
T 3 (mixed) FAZ FHHS FAst] WG A%
AL F7kela 9tk Original FETI 7IHelAE =5 ZHA

-
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(b) Duak-Prinal FETI
B : coarse mesh node number
1 @ Imterface node Lagrange multiplier
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1 1
R T I S A (IR CRED a5 &
~ @ ® 2 @
T i L 127 & W - 7 5 CINF P (FIE) B E
| (T3 (R (TR ey (E I G M 1) B e 15 14 R 1314 sl >
1 n H L 1 9 3 L] 5 l<
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CEUIRT T . D LI U 6 1 8| 9 >
{¢) FETLloeal () FETL-mixed
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1 Global constraint

Fig. 2 Interface structure of various FETI methods

Re 949 Lagrange Ato]o] A9 Al2=gle] FolE $loto]
PCPG(Preconditiond Conjugate Projected Gradient)
dug]Fo]l AHEEH, Lumped %+ Dirichlet HA|Z710]
AHEETE Lumped AAIZ7E Dirichlet AA1Z271o] vls|
A BE BaAoARt, FaH o HASE A &
vhde] Dirichlet AAZ1& 224 &4 ZANA HA9 &
"t HoErh 7129 original FETI, 297 FETI,
FETI-DP 7IelX+= &5 Dirichlet AAZ1E AMgsta
At Vel 599 Dirichlet #Aloll that AWk 9l Diri-
chlet AAz27& Farhat(1994)l <& th&3} 2] A)
At

N r
M '=pBspT=Y,B"s"B" (15)

i=1

s
il

F_‘rﬂ

ALF 71%< o] &3}o]
Ao AR 213k Frgtt 2 (13)9A,
Al AR 5L Lagrange <<t 28 dg#
oln], F7tHor SRS} AgEo] k. #dE

A /WdE FETI €859 Az sed 2
A, 2 (13)9] F WA bl HA el =Yoo HEAR
Lagrange &% A¢stH ol ALF 7" (Gill et al.,
1988)¥ 2t}

, W€ FETI 7% ellx

=
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A *oh"% 741} 2“401 25 =%-(local) Lagrange S

TEE 24 tate] 4 (145 vhadt 2o F2a42
o]

diag( Ka) —diag( 57) diag( ?T)
— C"diag(ST) T diag(p,) C — C"diag(p,) (16)
- dzag (p(x) C 0

A7IM, K=K +pS"S, S=pSelth

veos Rg9st 49 A4 AREE 9L Wz 27
e thew 0e 42 73 gtk

o

= K (@~ B"diag(p,),) (17)

al T

39 Atelel A4 4 (3)

o71A, K= diag(K ) +BATdiag (pa)g’,g’: [diag(S{,) —

={u"c"}, Q'={Q".0}elt}. ®
L A3l el Ao| fxHT

dzag(pa)BK Bszag(pa))\L dzag(pa) Q (18)

EAlIA 4 (18)

X (Jocal) Lagrange <9 &4
4 (flexibility matrix)

o) AW L g o] fAE
2 A5 & 4 k.

F :dz’ag(pa)él(/:llgrdiag(pa) (19)

Bauchau(2010)¢ll oJsf AAlE A3 #Hdy As
p, 7t F7FeH e PP olHel o x3}(ideally
preconditioned) & -rjé]8 7AeE Holrl =Y, uwahA
= %(local) Lagrange
REE RN Oﬂiﬁ g %E‘Ei‘“/}.

A€ FETI 718 & 7 ™A 2340 A9-=5% &%
(mixed) Lagrange & ARl <a & 2le] A

e 2

offt
3
o

diag([({,) —diag( ST)CRT u
— CTdiag (S, ) C'diag(p,)C 0 |§ ¢ _{0} (20)
diag(S) 0 0 )‘7 0

REGR\ = RF,Q (21)

A7, GAE BHL F~diag(K, )+ CK, 'CTolth. 4]
(213 2ol &9 Azt EAle AP Ee] de FHH £
= PEe| she] o ¥ xdsiEm 7h Fg9
o WL g 2o

Q:diag( ) (Q—i—dzag ST)CC /\) (22)

WA, o] =oA A F-(local) B AA-=5 &3
(mixed) Lagrange 5% AHESH 71" FETI 719 o]
24 2849 A8 dAE BT H4ES sl f=
P8 2ot vRe] AREE 2 AN ARt 284S
original FETI ¥ FETI-DP 7|'He] ZAz}¢} Hwaict, &
T A8 dAlE Fig. 29 22 2x9le) 9 69 =
TZ2ES BAAS E=T73GPa, Poissond] v=0.39 &4
A5 AHgsle] A (serial) WAl Zzas 2Pdsie]
64-bite] 7 ol AFEAA Ak ol Table 1
thket FETI 2o ggh sa% gdo] 274 vlwd
I oolt}, A FfAelA] AR S Fig. 20 AAE o]
dom, 497 HAE A e Y Fhd B3 AjxE
o= AR dXel ARgR 4714 719 de HEg= g
S flate] TR BAE MM M-S S A7
Z Table 19 ANEAT. 245 a4 Aye o0& 24,
Original FETI®] 7% t2 FETI 7 &) vlsle] 2714
7b iAo s A, e B o nkEA sl Jasitt,
a2 59 #HEE AF (p=1.0x10")5 A& 2
(local) % HG-=4 E3F(mixed) Lagrange 5=l 23t
A€ FETI 7199l A%, fd% ddo| 24571 w2
< As FRIF F Qlv} o] A3s2 JHE FETI 71M<
AHEEE XA Sle] PRt ] vl EEAQdS

Table 1 Comparison on the condition numbers of the
flexibility matrix

Analysis method Condition .Corner node
number Displacement (m)
Original FETI 4.70x10" () 1.89x10™
FETI-DP 6.98(F)) 1.89x10™
proposed FETI-local 1.17(F,) 1.89x10™
proposed FETI-mixed 1.05(F,) 1.89x10™
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Fig. 3 Results for a fixed number of the sub-domains
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